Metal phosphonate clusters have been extensively studied for their fascinating structures and interesting magnetic properties.
1 3d-4f heterometallic cages 2 and more recently lanthanide (4f ) homometallic 3 phosphonate clusters have been studied because of the range of magnetic anisotropies of the lanthanide ions and the weak coupling between the metal sites can produce unusual and potentially useful physics. 9 Due to the regularity of the structure the phosphorus atoms are also arranged in an icosahedron (Fig. S2 †) . The closest Gd⋯Gd separation between neighbouring molecules is ca. 10.6 Å, which preclude any significant intermolecular interactions. Space-filling representations demonstrate that the overall molecule of compound 1 is in a spherical shape with a approximate diameter of 2.0 nm (Fig. S3 †) . The packing of molecules generates two types of one-dimensional square channels in the c axis direction with diagonal separations of 1.3 and 1.1 nm (Fig. S4 †) , respectively.
Variable-temperature (2-300 K) magnetic susceptibility data were collected for polycrystalline samples of compound 1 in an applied direct-current (dc) magnetic field of 5 kG (Fig. 3) . The room-temperature χ M T value for 1 is 94.0 cm 3 K mol −1 , which is in agreement with the theoretically expected value of 96.4 cm 3 K mol −1 for spin-only twelve Gd III (S = 7/2, g = 2) and one Co II (S = 3/2, g = 2). 4a Upon lowering the temperature, χ M T values decrease gradually to 90.4 cm 3 K mol −1 at 10 K and then fall abruptly to a minimum of 78.7 cm 3 K mol −1 at 2 K.
The overall magnetic behaviour is due in the main to the cobalt(II) ion, where the orbitally degenerate ground state will show significant temperature dependent behaviour. There may be antiferromagnetic interactions between the Gd⋯Gd ions bridged by hydroxides, but this cannot be modelled sensibly due to the presence of the six-coordinate Co II ion.
Magnetization measurements on compound 1 were performed at the 2-10 K temperature range under 0-70 kG field (Fig. 3 inset) . The M vs. H data display a steady increase in magnetization to reach 81.9µ B at 70 kG at 2 K without achieving saturation. This value is a little lower than the value that would be expected for twelve isolated Gd III ions (ca. 83.6µ B ), which suggests some weak anti-ferromagnetic exchange are present. Given the large magnetization values, we investigated the magnetocaloric properties for compound 1. The magnetic entropy change can be estimated from the magnetization change as a function of applied field and temperature (Fig. 4 In summary, we have shown that (aminomethyl)phosphonic acid reacts with gadolinium and cobalt pivalates to give a pseudo-icosahedral cage {Gd 12 }. The molecular skeleton, including twelve Gd ions and twelve P atoms, possesses a fascinating icosahedron-in-icosahedron topology. Magnetic studies revealed that the compound exhibits a large MCE at the ultralow temperature. The present work suggests that ampH 2 is an efficient ligand to construct 4f cages. Further studies on 4f and 3d-4f phosphonate cages using ampH 2 are in progress.
The icosahedron is Platonic solid, and the presence of fivemembered metal rings should lead to significant frustration effects. 11 Unfortunately, the presence of the divalent Co site prevents informative magnetic studies of this polyhedron in this case. This is particularly unfortunate as there have been very interesting recent reports of spin frustration effects in gadolinium cage complexes. 12 We are attempting to synthesise the analogue of compound 1 with a diamagnetic divalent ion at the centre. This work was supported by the NSFC (grant no. 21371183 and 91422302), the NSF of Guangdong (S2013020013002) and Chinese Government Scholarship. We also thank EPSRC (UK) for funding an X ray diffractometer (grant number EP/ K039547/1).
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